Aloe vera is a widely used natural herb from which many sorts of commercial products have been derived using different preparation technologies. Aloe wholeleaf powder is one of the most popular subtypes. The long-term impact of aloe products has already been reported; however, there have been few studies about short-term exposure, and especially about the relative impact of Aloe vera wholeleaf freeze-dried powder (AWFP). To provide more toxicological data and to document the early changes induced by AWFP, in this study 120 SD rats were divided into four groups (control and 400/1200/2000 mg/kg treatment groups) and were administered AWFP once daily by oral gavage for 28 consecutive days, followed by a two week recovery phase. The results showed that AWFP could induce soft/ loose changes in faeces. Significantly decreased white blood cell (WBC) counts, associated with reduced lymphocyte counts were also noted. The relative organ weight, including both organ-to-body weight ratio and organ-to-brain weight ratio of kidneys, was significantly increased in 2000 mg/kg compared with that in controls. Histopathologically, pigmentation in the kidneys and increased mucosal thickness in colon were also noted in a dose response groups. Other changes observed in the study were not considered to be treatment related, and 400 mg/kg was considered as the no-observed-adverse-effect level. The study provided clear evidence of treatment-related changes with a short-term exposure to AWFP. This is also the first report of the early colon morphologic changes associated with stool changes noted previously in-life phase, providing additional toxicity data which will contribute to our understanding about the short-term usage of AWFP as a remedy.
Introduction
Aloe vera, a succulent plant species of the genus Aloe, has been used as an herbal remedy to treat diverse disorders and ailments for thousands of years, especially in the Chinese, Egyptian, Arab and Indian cultures (Grindlay & Reynolds 1986; Atherton 1998) . However, this has been without accurate modern scientific despite the long history of it's usage, and hence, the efficiency as well as the safety of Aloe vera has remained ambiguous and controversial (Richardson et al. 2005) . In 2002, for the reason of "insufficient data to evaluate their safety", the Food and Drug Administration (FDA) of the United States issued a ruling that aloe laxatives are no longer generally recognized as safe and effective, meaning that aloin-containing products are no longer available in over-the-counter drug products in the United States (FDA 2002) . Until then the potential risk of taking aloe products had not been appreciated and recognised. Aloin, known as the principle anthraquinone in Aloe vera (Boudreau & Beland 2006) and characterized as the C-glycoside of aloe-emodin, localizes in the outer rind of the plant (Groom & Reynolds 1987) . On the one hand, it is considered to be the primary toxic factor in Aloe vera due to its cytotoxicity such as inducing cell cycle arrest (Esmat et al. 2005 (Esmat et al. , 2015 , cellular apoptosis and mitochondria injury (Buenz 2008) . Furthermore, a 2-year carcinogenicity study from NTP has indicated non-decolorized Aloe vera whole-leaf extract may induce higher incidence of large intestinal tumours in F344/N rats (Boudreau et al. 2013) . However, on the other hand, aloin is the primary component in Aloe vera that could metabolize to aglycone and aloe-emodin, which were the major active ingredients in relieving constipation (Chung et al. 1996) , and are also reported to be inhibitors of tumour angiogenesis and growth via blocking the activation of signal transducer and activator of transcription-3 (STAT3), a member of the group of latent self-signalling transcription factors that are found in the cytoplasm (Pan et al. 2013) . So, even now, the controversy continues, and it is more than just a simple 'yes' or 'no' as to the safety of aloe products. Therefore there is a need for more research to be conducted on the subject.
In recent decades, Aloe vera whole-leaf extract has been widely advertised and claimed to cure constipation, help flush out toxins and wastes from the body, promote digestion and reduce the risk of illnesses (Zhang et al. 2009; Bisi-Johnson et al. 2011) . This has helped lead to increasing acceptance of Aloe vera to become an healthy supplement. As a whole-leaf extract, and comparing with other drying technology-based products, Aloe vera whole-leaf freezedried powder (AWFP) retains the biologically active ingredients as well as the aroma and flavour (Chakraborty et al. 2011 ) to the greatest extent, which is probably the reason for the wide application of AWFP as the most widely used form used in aloe products. However, so far, there have been little study of AWFP, and those that have been performed have been mainly concerned with the toxicity effect of AWFP, rather than with the effects of a short-term exposure. Thus, to provide more detail toxicology data of AWFP for further research, in this study, AWFP was administered to SD rats once daily for consecutive 28 days with a 2-week recovery phase. Finally, all animals were euthanized, necropsied and examined.
Materials and methods

Animals and housing
In this study, a total of 120 specific pathogen-free (SPF) SD rats (60 male and 60 female) aged from 6 to 8 weeks were obtained from Vitalriver â (Beijing, China). On arrival, all animals were immediately transferred to the animal room with barrier system. After a 7-day acclimation period, animals were weighted. With the confirmation of different weights (coefficient of variation, CV < 10%), all these healthy and non-gravid rats were randomly divided into four groups; at the same time, to achieve a balance between '3R' principle and data adequacy, we followed the suggestion from FDA Redbook 2000: IV.C.3.a and technical guidelines for the repeat dose toxicity studies from China Food and Drug Administration (CFDA), which were introduced in 2014. Finally, we employed 10 rats per sex in each group for the dosing phase and half the number of animals for the recovery phase.
All rats were housed in plastic cages (dimension: 500 mm 9 360 mm 9 200 mm) with separate allocation of male and female rats. Each cage held five rats of the same sex, and all cages were placed in the same animal room in barrier system. The environment of the animal room was strictly controlled and maintained at: 20.4~23.0°C, relative humidity at 40.1%~68.9%, 8~15 times/h air change and 12-h light/12-h dark cycle change. During the study, animals were allowed free access to drinking reverse osmosis water (AWL-1001-M, Aquapro International Company LLC., Dover, Delaware, USA). Meanwhile, animals were supplied with SPF rodent growth and breeding feed (Lot#15033113) from Beijing Keao Xieli Feed Co., Ltd. (Beijing, China), which contained 22.9% protein, 8.5% moisture, 6.8% ash, 5.3% fat, 3.4% fibre, 1.23% calcium and 0.8% phosphorus. In addition, based on the third-party test result (Pony, report ID: GDA5JRCM141855B08), the corn cob bedding we used in the study from the same company mentioned above (Lot#15049811) also showed free of potential harmful material such as heavy metals, dichlorodiphenyltrichloroethane, benzene hexachloride and aflatoxin.
Administration and necropsy
The AWFP used in the study was a tan free-flowing powder (Lot#20150103) produced by Evergreen Inc. (Kunming, Yunnan Province, China). The AWFP was produced by freeze-drying technology, and the detailed information of components is listed in Table 1 . To maintain the biological activity of AWFP, cold-chain transportation was employed. During the study, the powder was stored in refrigerated environment (2~8°C) and protected from light. Before administration, appropriate AWFP was dissolved in sodium chloride injection solution and was used immediately. Animals were divided into four groups with one control group and three dose groups. In dose groups, the gradient dosages of AWFP were set at 400, 1200 and 2000 mg/kg. All rats in dose groups were administered via oral gavage once daily for consecutive 4 weeks with a 2-week recovery phase (AWFP free). At the same time, animals in the control group were sham exposed to sodium chloride injection solution. In addition any abnormal clinical signs were carefully observed and recorded during the study. Scheduled necropsy was conducted at the end of the 4-week dosing phase (10/sex/group) as well as the 2-week recovery phase (five/sex/group), and all rats were fasted overnight, then anaesthetized with sodium pentobarbital (peritoneal injection, 60 mg/kg), exsanguinated from the abdominal aorta and finally necropsied by skilled technicians.
Body weight and food consumption
The body weight and food consumption of rats were measured once a week during the study. To minimize the stress stem from grasping, gentle petting was applied to erasing the restlessness of rats once they leave their cages. The food consumption of each rat was obtained by measuring the daily total consumption of each cage and calculating the average amount base on the number of rats held per cage.
Gross observation and organ weight
During the scheduled necropsy, gross observation was conducted to identify any macroscopic abnormal change. Organs such as brain, heart, Liver, kidneys, adrenal glands, thymus, spleen, testes, epididymides, ovaries and uterus were carefully eviscerated. With the peripheral connective tissues removed, the organs listed above were then weighed, and the absolute organ weights taken. The relative organ weights were calculated as the ratio of organ weight to body weight and brain weight respectively.
Clinical pathology
On study days 29 and 43, blood samples were collected and examined by a high-volume haematology analyser (ADVIA â 2120i System with Autoslide, Siemens, Newark, Delaware, USA), automatic biochemical analyser (COBAS 6000 C501, Roche, Tucson, Arizona, USA) and automatic blood coagulation analyser (Sysmex CA-7000, Siemens, Newark, Delaware, USA).
Histopathology and semiquantitative analysis
To examine potential target organs during the necropsy a wide range of tissues from each animal were collected and fixed for histopathological evaluation: brain (cerebral, cerebellum, brainstem), spinal cord (cervical, thoracic, lumbar), sciatic nerve, pituitary gland, adrenal glands, thyroid gland (with parathyroid gland), trachea, oesophagus, heart, aorta, lung (with mainstem bronchi), pancreas, submandibular and sublingual salivary gland, liver, kidneys, stomach, duodenum, jejunum, ileum, caecum, colon, rectum, harderian gland, thymus, spleen, mesenteric and inguinal lymph node, skin (with mammary gland), skeletal muscle (biceps femoris), prostate gland, seminal vesicle, urinary bladder, femoral bone and marrow, ovaries, uterus (with cervix), vagina, testes, epididymides and eyes. All above tissues were fixed in 10% neutral buffered formalin (NBF) except for testes, epididymides and eyes, which were fixed in modified Davidson's solution. In addition the lung and heart were perfused with NBF prior to their fixation in large volume of formalin. After 48 h of fixation, tissues were embedded in paraffin wax, sectioned and stained with haematoxylin and eosin (HE) for microscopic evaluation. After that, periodic acid-schiff (PAS) stain was also performed to display goblet cells as well as the mucus secretion status in the colon. Additionally, to provide more data to support the morphologic evaluation, semiquantitative analysis, with the help of IMAGEJ (explored by National Institutes of Health, Bethesda, Maryland, USA), was also applied to measure and calculate the glandular height as well as the relative area of the colonic mucosa. In measuring the glandular height, cross sections of colon slices were divided into four quadrants (Q1-Q4, as shown in Figure 5a ). In each quadrant, the glandular height was measured five times randomly; statistical analysis was then conducted to calculate both the mean value and standard deviation in each group based on these data. The method for measuring the total area and mucosal area of colon was obtained by adjusting the colour threshold to highlight the total colon area as well as the mucosa area with black color, then calculate each black area in ImageJ. Finally, all animal data in each group were statistically analysed.
Ethical approval
This study was approved by the Institutional Animal Care and Use Committee (IACUC) of Sichuan University, and the entire treatment procedure was thoroughly in compliance with the animal welfare principles from the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC).
Statistical analysis SPSS 13.0 (SPSS Inc., Chicago, Illinois, USA) was employed to perform the statistical analysis of data presented in the study, using the Student's t-test, and significant difference was set at 5% (P < 0.05). Data were presented as mean AE standard deviation (SD).
Results
Clinically different types of faeces could be identified during the dosing phase. All the faeces from control animals, regardless of gender, were normal in oval shape and medium texture as the result of intestinal peristalsis and water absorption in large intestine. In the LD group soft stools characterized by irregular shape and soft texture of faeces were noted, while in the MD and HD groups loose stools characterized by shapeless and watery faeces were present, as shown in Figure 1 . After summing up the duration of different faeces types that animals experienced, the changes in dose groups were considered to be treatment related; moreover, male rats experienced longer and more severe abnormalities than female rats, which may probably induce stronger disturbance in the body weight gain of male rats. During the recovery phase all the faeces from different groups were normal. No other identifiable abnormalities were noted during the whole study.
With a 4-week exposure of AWFP and a 2-week recovery phase, statistically there were no significant differences of body weight changes between treatment groups and control group. Meanwhile, food consumption, also, varied in a similar fashion among groups without statistical significance, and was considered to be within the normal range variation (Table 2) .
During the scheduled necropsy, two cases of increased size of spleen were noted only in LD group; otherwise, no treatment-related gross finding was identified. Furthermore, after calculating and comparing both absolute and relative organ weights between control and treatment groups, as shown in Table 3 , we found that the majority of tissues show no statistical significant difference (P > 0.05). However, some tissues show significant difference (thymus OB in recovery phase, P = 0.026; spleen OB in dosing phase, P = 0.043), but only in the LD group without obvious dose responses. Thus, we did not consider the situations above to be treatment-related changes. However, in the dosing phase, the relative organ weights of kidneys in female rats in the HD group showed significant differences (OB, P = 0.031; ON, P = 0.028) compared with those in the control group and were also accompanied by a doserelated increase in corresponding data in the LD and MD groups; at the same time, the absolute organ weight of kidneys in female rats showed a similar trend of change. So, the organ weight change in kidney was probably treatment-related. Figure 1 Types of faeces. Different colours of the columns represent different types of faeces, while the lengths of the columns represent the duration(s) which are also presented in the subtable. All abnormal types of faeces were identified in treatment groups. Among these groups more male rats experienced loose stools than female rats. [Colour figure can be viewed at wileyonlinelibrary.com] AO, absolute organ weight (g); OB, organ-to-body weight ratio (%); ON, organ-to-brain weight ratio (%). Compared with control group *P < 0.05. **P < 0.01.
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Haematologically, as shown in Table 4 , all changes with statistical significance were present in dosing phase, which mainly affected the white blood cells (WBCs, P = 0.036). Compared with control rats, the total WBC numbers in the peripheral blood in female rats decreased approximately 38.8% while in male rats they decreased approximately 29.5% in the HD group. The results from the differential WBC count showed that all cell types, including neutrophils, lymphocytes, monocytes and oeosinophils, were decreased. Among them, being the largest cellular component of WBC, lymphocytes decreased by 39.9% in female rats and by 30.4% in male rats in the HD group, which was the biggest contributor to overall WBC reduction. In addition, the total number of eosinophils was also significantly decreased (P = 0.027) about 85.7% in female rats in the HD group; however, its influence on the WBC count was limited because of these cells represent only a tiny proportion (<1.5%) of the total WBC count. All the changes above were considered to be treatment related. Besides, other haematological parameters varied within normal range and no statistical significance could be identified.
Serum biochemistry analysis results showed that there were no toxicologically significant changes throughout the whole study, even though some statistical significant changes could be noted (Table 5) .
Histopathologically, as shown in Table 6 , treatmentrelated findings in kidneys and colon were noted. In kidneys, minimal pigmentation could be identified in three female rats in the HD group (incidence: 3/10), and the changes were characterized by pigment deposition in the tubular epithelium. The tiny pigment granules were dark brown in colour with irregular shape and mainly distributed in proximal tubules (Figure 2) . However, the morphology of the tubular epithelium as well as other substructures was generally normal. In the colon, minimal increased mucosal thickness was noted in one female rat in the MD group (incidence: 1/20), and minimal-to-slightly increased mucosal thickness was noted in a total of 11 rats in the HD group (four female, seven male; incidence: 11/ 20). In both cases, changes were characterized by increased size of intestinal folds and increased height of intestinal glands, accompanying with obviously increased cellularity in the mucosa. Although the glandular cells were increased, cells aligned in a single layer without any preneoplastic changes (Figure 3) . PAS stain showed that goblet cells were obviously increased both in MD and HD groups, and the ♀ 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 ♂ 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0.00 0.00 AE 0. Compared with control group, *P < 0.05. **P < 0.01.
International Journal of Experimental Pathology, 2017, 98, 248-259 luminal contents in these two groups also show PAS positivity, which represents retained mucus (Figure 4) . In addition, according to the results from the semiquantitative analysis, glandular height was significantly increased in MD and HD groups (MD, P = 0.007; HD, P = 0.004); however, a significantly increased colonic mucosa relative area was only identified in HD group (P = 0.039), as shown in Figure 5 . 
Discussion
Aloe vera, being one of the herbal remedies most frequently used in the world, as well as an important source material in food industry, contains different kinds of bioactive components (Guo & Mei 2016; Minjares-Fuentes et al. 2016; Pothuraju et al. 2016) . However, the fresh Aloe vera gel is highly perishable, and certain processing technology is needed to retain its functional properties (Hulle et al. 2014) . Freeze-drying technology, due to its high economic efficiency, has been used as one of the primary technologies applied at industrial level in dehydrating materials, which were easy to degrade; meanwhile, in pharmaceutical and biotechnology fields, this technology has also been widely applied (Chakraborty et al. 2011; Minjares-Fuentes et al. 2016) . Thus, AWFP became one of the most popular aloecontaining products. With a two year carcinogenicity study, Boudreau (Boudreau et al. 2013) provided some clear evidences of the long-term toxicity effect of aloe whole-leaf extract in F334/N rats; however, there have been very few studies concerning the short-term effects and early treatmentrelated changes in aloe whole-leaf products, especially AWFP. Thus we have investigated the short-term toxicity effect of AWFP by conducting a 28-day administration with a 14-day recovery phase study in SD rats, aiming to figure out some early treatment-related changes induced by excessive daily intake of AWFP. In this study, clinically, diarrhoea syndrome with loose faeces only presented in particular dose groups, and the duration was longer in the 1200 and 2000 mg/kg groups than in the 400 mg/kg group, which showed a potential dose related response. In the recovery phase all the abnormal changes in faeces disappeared. According to the clinical signs noted above, the changes only happened in the dosing phase with some evidence for a dose response, which were supposed to be the treatment-related changes. AWFP is known to contain anthraquinones, which are also known to act as laxatives (Cheng et al. 2016) . So, the clinical diarrhoea syndrome was probably due to the effect of anthraquinones.
By recording and summarizing the body weight and food consumption changes, we did not find any clear evidence of treatment-related changes. Statistical analysis show no significant changes (P > 0.05) in both phases. However, the finding was different from the outcomes from some longterm studies, which reported a significant body weight loss during their studies (Matsuda et al. 2008; Yokohira et al. 2009; Boudreau et al. 2013) . Taking all the experimental evidence into account, the difference in body weight changes may have its origins in the relatively shorter duration of diarrhoea in preventing severe dehydration of treated animals in the present study.
Macroscopically, no treatment-related gross lesion was identified during the scheduled necropsy and was generally consistent with the results from long-term studies (Matsuda et al. 2008; Yokohira et al. 2009 ). Upon analysing the organ weights and ratios, we found that both organ-to-body weight ratio and organ-to-brain weight ratio of kidneys were significantly increased (P < 0.05) in 2000 mg/kg group when compared with that in control group, and the absolute organ weights were also changed in the same trend. This was considered to be a treatment-related change. The change only affected female rats and was totally consistent with the previous finding (Matsuda et al. 2008) . Besides, other statistical significant changes such as increased organ-to-body weight ratio of thymus and spleen in 400 mg/kg group were randomly distributed without obvious dose relationship and thus were considered as being of no toxicological significance.
Haematologically, the WBC count in the 2000 mg/kg group was about 70.5% (male) and 61.2% (female) of control group, and the subtype cell count results showed that the major changes occurred on lymphocytes with approximately 30.4% (male) and 39.9% (male) decrease when compared with control data, respectively. The change was different from the haematological data reported in the previous study (Matsuda et al. 2008) . However, some studies have demonstrated that Aloe vera possesses the ability to downregulate inflammatory cytokines (Vijayalakshmi et al. 2012; Budai et al. 2013) , which play an important role in genesis/maturation process of inflammatory cells; furthermore, a more recent study has directly reported the suppression effect of Aloe vera on T-cell proliferation as well as cytokine secretion in PBMC cultures such as IL-2, INF-c (Ahluwalia et al. 2016) . Thus, it is hard to preclude the possibility that AWFP may induce the reduction in WBC and lymphocytes in peripheral blood. The changes noted above were considered to be treatment related. Serum biochemistry results showed that some statistical significant changes in different parameters were sporadically distributed in the study; however, no obvious dose relationship could be associated with these changes, and they were considered as being of no toxicological significance. The result was generally consistent with the outcomes from long-term studies (Matsuda et al. 2008; Yokohira et al. 2009 ). In addition, with a longer-term diarrhoea syndrome, significant electrolytic changes have been reported in a two-year study (Yokohira et al. 2009 ).
Histopathologically, minimal pigmentation in renal tubular epithelium could be noted in 3/10 female rats in the 2000 mg/ kg group. These pigments were brownish particles without polarity and were mainly deposited in the proximal renal tubules, segmentally. Constituting the largest group of quinoid pigments (Dufoss e 2014), anthraquinone constituents in AWFP were highly suspected to be related to the emergence of the renal pigmentation. In addition, the findings were thoroughly consistent with the kidney changes in long-term studies (Matsuda et al. 2008; Yokohira et al. 2009 ) and were considered as treatment-related changes. Nevertheless, the renal pigmentation did not induce any further functional indicator changes in serum biochemistry level (such as urea and creatinine); so the histopathological changes should not be considered as absolute confirmation the adverse effect of AWFP. Meanwhile, minimal increased mucosal thickness of the colon was noted in 1/20 rats in 1200 mg/kg group, and minimal-to-slight change could be traced in 11/20 rats in 2000 mg/kg group. The incidence increased dramatically associated with a clear dose response. In both control and treated animals, the colonic mucosa was intact with regularlined columnar epithelium, but the depth of crypts as well as the size of intestinal fold was notably increased in 1200 and 2000 mg/kg groups. Besides, PAS-positive stained goblet cells were obviously increased in these two groups, which indicated undergoing goblet cell hyperplasia. However, goblet cell hyperplasia has been reported as an adaptive response to injuries in intestinal tract and sham bypass (Olubuyide et al. 1984) . So, the pathological changes in the colon were probably the consequence of the adaptive change. By semiquantitatively analysing of both glandular height and relative mucosal area, the significant increase changes could be noted in MD and HD groups, and the results correlated well with the microscopic findings. According to the previous report, the anthranoid glycoside derivatives of Aloe vera are metabolized by the colonic flora to reactive aglycones anthrones (Izzo et al. 1999) ; and many of metabolites, such as anthraquinones, have been widely accepted as irritants to the gastrointestinal tract and possess cathartic activity (Teradaira et al. 1993; Boudreau et al. 2013) . So, with the irritation effect of anthraquinones, increased colonic mucosal thickness associated with goblet cell hyperplasia could happen as an adaptive change and increase mucus secretion into the lumen; and increased mucus may accelerate the appearance of clinical stool changes observed previously. Although the findings in colon were mainly considered as the adaptive process, it was reported that intestinal neoplastic findings were mainly confined to large intestines in the long-term studies (Yokohira et al. 2009; Boudreau et al. 2013) . Thus, it is hard to exclude the possibility of some inner relationship between increased mucosal thickness and neoplastic changes. In this way, the colonic morphological changes identified in the present study should be considered as the treatment-related early change and adverse effect of AWFP. In the future, more work need to be done to reveal the molecular relationship between the early change and the neoplastic change found in long-term study.
Finally, based on all the changes noted in this study, the colon and kidney were considered as target organs with AWFP short-term exposure, and the corresponding findings were generally consistent with those noted in long-term studies; however, because there was no renal function influence with pigmentation in kidneys, the renal changes were considered as non-adverse; meanwhile, changes noted in colon were considered as adverse for its potential influence on the cellular proliferation activity, and 400 mg/kg was considered to be the no-observed-adverse-effect level (NOAEL) of AWFP in the present study.
